search through about 50% of genes in the mouse genome annotated as having a TMD and signal peptide (approximately 1200 searched) revealed that only 12 appeared to be good candidates for Spitz-like substrates (Table S1) Figure 1B ).
-fold

Results and Discussion
by reducing the amount of specific DNA in each transfection. 100-fold reduction of input rhomboid DNA reIdentifying Mammalian Rhomboid Substrates duced the expression of RHBDL2 to undetectable levels, Based on the hypothesis that rhomboids in Drosophila but thrombomodulin cleavage was barely affected; and and mammals might have a conserved role in EGFR even when input DNA was reduced 1000-fold, cleavage signaling [1, 10], we initially investigated whether mamwas still detectable ( Figures 1E and 1F ). This substoichimalian membrane-tethered EGFR ligands were cleaved ometric requirement resembled the cleavage of Spitz by human RHBDL1 and RHBDL2; of the seven tested, by Drosophila Rhomboid-1 [1]. none were cleaved by either human rhomboid (see Sup- These results confirm that at least in our cell culture plemental Data).
assay, human thrombomodulin is cleaved by RHBDL2, We next searched the mouse genome sequence for but not RHBDL1. We tested whether RHBDL2 was spesingle transmembrane domain proteins with the widely cific for thrombomodulin by assaying whether another conserved rhomboid substrate motif, previously characsingle TMD protein in the same functional clotting comterized in the Drosophila ligand Spitz [4, 11] . This subplex as thrombomodulin, the endothelial protein C restrate motif depends on predicted protein conformation ceptor (EPCR) [14], was cleaved. Under the same condirather than primary sequence, making the search sometions, no EPCR cleavage was detected ( Figure 1G ). We what subjective and difficult to automate. A manual also assayed RHBDL2 cleavage of Pref-1 (also known as Dlk1), a mouse protein with structural similarity to 
. In all cases where cleavage occurred, it was dependent on the presence of the catalytic serine of RHBDL-2: activity was abolished when the serine was mutated to alanine (not all shown). Note that the specificity implied by our conclusion that only RHBDL2 cleaves thrombomodulin must be qualified by the fact that no substrate has yet been found for RHBDL1 and RHBDL3 (also known as ventrhoid [16] ) (our unpublished data). Both contain all the conserved catalytic residues, so we presume they are active proteases, but it remains possible that they lack proteolytic activity. A potential explanation for the inability of RHBDL1 and RHBDL3 to cleave thrombomodulin would be that the enzymes and substrates are segregated from each other within the cell. To address this, we examined the localization of HA-tagged mouse RHBDL1, 2, and 3 using protocols previously described [10]. All three were localized in the secretory pathway, specifically the Golgi apparatus and the plasma membrane. Although there was some variability, RHBDL1 was quite restricted to the Golgi apparatus ( Figure 2B , arrow) and only weakly detected at the plasma membrane; conversely, RHBDL2 was predominantly at the plasma membrane ( Figure 2C) ; for shedding eukaryotic extracellular signaling domains in that instead of cleaving in the extracellular juxtamembrane region, they are intramembrane proteases that thrombomodulin cleavage is most likely at residues 518, 519, or 520, corresponding to the top region of the TMD cut within the TMD [1]. There was insufficient cleaved extracellular domain of thrombomodulin in medium to ( Figure 3C ). Importantly, this result strongly supports the conclusion that thrombomodulin is a direct substrate allow a direct biochemical determination of the RHBDL2 cleavage site. We therefore mapped it by comparing the of RHBDL2, as rhomboids are the only proteases known to cleave within TMDs near the luminal/extracellular size of the cleaved, GFP-tagged N-terminal fragment with identically tagged artificial truncations of the proside. Spitz-like rhomboid substrates depend on helixtein. In the first series of experiments, the cleaved fragment of full-length mouse thrombomodulin in cell exdestabilizing residues in the top part of their TMDs and require reasonably hydrophilic residues in the same retracts was compared with C-terminal truncations that contained the whole N-terminal region. The fragment gion [11] . Based on this requirement and our previous ability to abrogate cleavage with TMD mutations, we was larger than truncations at residue 508 but smaller than truncations at residue 528 ( Figure 3A) . This located made an extensive set of mutations in the TMD and the juxtamembrane region of thrombomodulin ( Figure 3D ), the approximate site of cleavage to between residues 510 and 525 (note that we predict the TMD to run from but none of these changes prevented or substantially reduced cleavage by RHBDL2 (not shown). This inability residues 517-539).
We performed a second set of experiments in which to block RHBDL2 cleavage suggests that it might occur by a distinct mechanism to the cleavage of Spitz. This most of the thrombomodulin N terminus had been removed, resulting in smaller protein fragments and more would be consistent with our observation that bacterial and Drosophila rhomboids cannot cleave thrombomoprecise size comparisons. This series gave results consistent with the first series, and the cleaved fragment dulin, whereas they cleave Spitz efficiently. There is already evidence that Spitz-type recognition is not the was larger than 514 but indistinguishable from the 519 truncation ( Figure 3B) . We conclude that the site of only mechanism that exists: the Drosophila EGFR ligand RHBDL2 was not sufficient to transform Rhomboid-1 modulin cDNA was generously provided by Gabriella Kunz and Evan
